Aggregate vs. Scanning EUipsometry w innovation Group 
Standard Immunoassay Use 

Determination of mass per unit volume (eg. ng/m]) or equivalent (eg. IU) 




The effect of the use of a single large beam (in this case approx. 2mm) 
for reading the surface is the production of a single result representing 
the mass change effects of all binding events within the spot area. 




Aggregate vs. Scanning Ellipsometry w J^^om®,, 

Standard Immunoassay Use 

Determination of mass per unit volume (eg. ng/ml) or equivalent (eg. IU) 




The idealized model for this method is the optical averaging occuring 
over the entire read area (in this case represented by an approx. normal 
distribution of binding events over the spot area). 




Aggregate vs. Scanning Ellipsometry ~ innovation Group 

standard Immunoassay Use 

Determination of mass per unit volume (eg. ng/ml) or equivalent (eg IU) 




In virtually all cases the binding distribution over the spot area is actually 
highly mhomogenious. The advantage of this method is that it inherently 
integrates all of the binding events within the spot area, without regard to 
their distribution. 




Aggregate vs. Scanning Ellipsometry w innovation Group 
Standard Immunoassay Use 

Determination of mass per unit volume (eg. ng/ml) or equivalent (eg. IU) 




The disadvantage is that very small or very sparce binding events tend 
to be statistically reduced to insignificance when averaged over this 
relatively large spot area. 



Aggregate vs. Scanning Ellipsometry ^ mnovation Group 
New Microbiological Use 

Determination of individual binding events or CFUs 



O 



5R 




A scanning ellipsometric methcxi or scatterometric method or both, 
when used with a very small beam diameter (in this case 20um) 
can provide a vastly higher relative signal for discreet binding 
events (that is as averaged oyer a much smaller spot area). 



0, • 



Aggregate vs. Scanning Ellipsometry ^ novation Group 

New Microbiological Use 
. Determination of individual binding events or CFUs 




This approach allows for the surface to be as a type of topology. 

It is, in fact, because the binding events are not integrated over the surface 
that this method can be used to approximate individual or discreet binding 
event identification (depending upon the diameter of the beam used). 



Aggregate vs. Scanning Ellipsometry 



Current OTBR Laser Configuration 

Determination of aggregate response over the beam spot area 




Aggregate vs. Scanning Ellipsometry 



Innovation Group 



Scanning Micro-Laser Configuration 
Determination of individual cellular-scale readings 
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For Example: 
beam d ■ 20um 



In the example '^^w^^fto' lieitttto zboe Is 2mm ' 
in diameter, and the scanning beam is 20um in 
diameter, there can be 100 discreet measurements 
along the diameter. 




diameter 
zone 



1O000 A-lum 
ljOOOum ■ 1mm 

Angstrom Unit ■ 3S37xl0*-9 inch, lxlOMO meters, lxHT-4, microns, 01 milli-micron (micro-millimeteA 
Micron - 3L937xI0*-5 inch, 0039370 mil, lxKT-6 meter, 0001 millimeter, 1x10*4 Angstrom units. 



I mm 2 • 1,000,000 urn 2 



Reaction zone SA ■ 3,141,590 urn 2 Scanning beam reads 314059 urn 2 

Thus a 20um beam can make 10,000 discreet readings within the reaction zone 



Aggregate vs. Scanning Ellipsometry 

How Big is Small ? 



Ia the case where a single organism (1 um^ ) is to be measured on a 2 mm^ surface: 



314459,000,000,000 A surface area of spot 
2 

78^00,000 A surface area of organism 



ratio of 4,000,000 A 2 : 1 A 2 



10000 A (height) / 4000,000 -.00250 A (height) contribution across the spot 

1 x 10 2 cells / j02ml » 5 x 10 3 cells / ml 
1 x 10 3 cells / J02ml ■ 5 x 10 4 cells / ml 
1 x 10 4 cells / JQ2ml • 5 x 10 5 cells / ml 




25 A (height) contribution across the spot 
25 A (height) contribution across the spot 
25 A (height) contribution across the spot 



1 x 10 5 cells I jQ2ml • 5 x W cells / ml 



I x lO^cells/IEml »5x 10 7 cells /ml 



250 A (height) contribution across the spot 
2500 A (height} contribution across the spot 



' With an amplification system that provided 2X mass, the system needs 25 x 10 cells / ml 
| With an amplification system that provided 5X mass, the system needs 1 x 10 6 cells / ml 
> With an amplification system that provided 10X mass, the system needs 5 x 10 5 cells / ml 



diameter 
tion zone 




lOjOOOA-ium 

Angstrom Unit • 3.937xl0*-9 inch, lxlOMO meters, lxlOH microns, 01 millrmicron (micro-millimeter). 
Micron « 3937xl0 A -5 inch, 0039370 mil, lxl0*-6" meter, 0.001 millimeter, 1x10*4 Angstrom units. 
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Scanning vs. Array Eliipsometry 

* 

use cf 2 CCD or diode array to read and ^arce' the larger 
laser beam into smaller discreet signals. 

■Determination of small spot response within the large beam spot area 
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r-rr- ... ■ ■ ■ ■ 1 4-- ; - ^T 1 ■ ■ » X 'vfeVid 
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>n zone 



1--T 1 A M ^.y-y^ 



n j \ '\ \ \ \ \ " \ \ 



j MM \ \ \ \ \ \ 



S \ \ \ \ \ \T 



This effectively creates a "virtual" beam (defined by the path that the 
light intersecting the array at a specific dection point has taken). 

■The -aggregate signal for all virtual beams equals the large beam signal, but each 
virtual beam references only a limited surface area. The virtual beam approach 

may be subject to greater error than the small beam approach, due in partto the 

potential for signal mixing across the array, however it allows for a major increase 
in sensitivity over the large beam approach. 




Various Optical Signal Formats 



Innovation Group 



w ^: iU ^;r L ^j> u ^ a upon tne nature or the material to be detected, 
and the resolution desired ^ 




A variety of - optical signals may be used within this system 

It% ey f?P leS P rovided in this discussion use ellipsometry as the example optical 
£™f ? 15 e *Pected that a variety of optical methods will be suktantialiy 
improved oy adopting the general approach described here. In particular we have 
demonstrated that scattering methods will form the basis of onfclass of instruments 
P??n« i° m e!ll PS°??etry. Other effects such as absorption, refractive index 

cnange, crural effects, and diffraction may be used within an essentially similar 

iCal configuration, and may provide particular and significant benefits. 
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Exafnples of Optical Signal Formats 

Innovation Grou£ 



J Principle 


Label Type 


Instrument 


DDx Status 








• 


Scatter 


poiymer oeafly^«rT#c 
■ silica bead^^^' ^-^ 


i scatterometry 


demonstrated 




magnetic beads/ 9 ^": 






| 








Optical absorption 


colloidal cold 
magnetic beads 


reflectometry 
photometry 


scheduled 










:| Change in 

| polarization state 


Dolvmer beads 
silica beads 


ellinsometrv 

(with compensator) 
polarimetry 

(wout compensator) 


scheduled 


!|— — 


• 




A 








J Change in 
,4 refractive index 


high refractive index or 
optically active materials 


ellinsometrv 

(with compensator) 
Dolarimetrv 
(wout compensator) 


scheduled 








=?| 








I Ciural etiects 


chiral compounds 




• • • 

envisioned 










Diffraction effects 


patterned surface 


interferometry 


envisioned 











J Spectroscopic effects 


wavelength 
selective materials 


spectrometer 


envisioned 



















Signal reception techniques might include: 

single diode detector - eg. scanning (small beam method) 
diode array detector - eg. array (virtual beam method) 
CCD detector - eg. array (virtual beam method) 




Potential for Optical Enhancement 



Innovation Group 



'7 



For either the Scanning (small beam) or the Array (virtual beam) approach, 
a substantial improvement in signal delegability may be possible by using 
unique characteristics of optically based mass detection systems. 

Properties of the mass enhancement label may alter the optical signal due 
to a number of physical characteristics, including: 
refractive index 

scatter l^cW c * . ^ 

chiral effect l^ a f rc 
general adsorption v 
wavelength specific adsorption) W^* 
diffraction 

efj^ctivery creating an improved ability to disci±ninate the signal generated 
blithe binding of the label to the complex from that created by surface 
background or in the absence of specific binding events. This may operate 
thfpigh the creation of an enhanced or attenuated "apparent" signal over 
that which would be created by "normal" materials. 



Sdte of normal vs. optically active elements 
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Controls and Indicators 



MAG 

2X MAG 



COLUMN 



4X MAG 

Row 1 
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Imag 
Proc 



Front Panel 
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image in 
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> ^; < :v7 < :> 7[ . t B p - . I flip 



Operator^ 




Operator 

Operator specifies the remapping procedure used. 
X Value 

X Value is a value used only for the operators Power X and Power 1/X. 

Equalize 

Operation 

Operation specifies the type of morphological transformation procedure to use. 

Lookup 

error in 

The <B>error in</B> cluster can accept error information wired from Vis previously called. Use this information to 
decide if any functionality should be bypassed in the event of errors from other Vis information to 

The pop-up option <B>ExpIain Error</B> (or Explain Warning) gives more information about the error displayed. 



INSTRUMENT SETUP 



OPTICAL SUBSYSTEM 
LOCATION (Z LOCATION) 



LASER SUBSYSTEM POSITION 
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LIGHT COLLECTION DEVICE 
INTEGRATION TIME 
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LIGHT COLLECTION 
DEVICE GAIN 
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TEST PIECE SUBSYSTEM 
X, Y MOVEMENT TO 
DESIRED POSITION 



504 



508 



512 



TESTING 



LIGHT BEAM STRIKES TEST 
PIECE SPOT BEING TESTED 



COLLECT IMAGE INFORMATION 
USING SCATTERED LIGHT 



518 



520 



IMAGE PROCESSING 

~~T~ 



IMAGE ANALYSES 



600 



DISPLAYRESULTS 
! OF PROCESSING AND 
ANALYSIS 



COUNT PARTICLES RELATED TO 
PARTICULAR SUBSTANCE OF INTEREST 
FOR CURRENT SUB-SPOT 



608 



HAVE PARTICLES BEEN 
COUNTED FOR ALL SUB-SPOTS 
RELATED TO PARTICULAR 
SUBSTANCE OF INTEREST 
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NEXTSUBSPOT m 






OF CURRENT SPOT n 





SAVE PARTICLES COUNTED 






TO OUTPUT STORAGE 












TEST NEXT 
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SAMPLE 
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Fig. 



IMAGE PROCESSING 
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INPUT VARIABLE 
VALUE X FOR POWER 
X AND POWER 1/X 
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IMAGE INFORMATION/ DATA 



I 



544 



LOOKUP TABLES (LUTs) 
APPLICATIONS 
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THRESHOLDING 
(E.G. HISTOGRAM} 
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- -J DISPLAY THRESHOLDING \ 



OBTAIN THRESHOLD LOWER 
LIMIT FOR LIGHT INTENSITY 
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PROVIDE THRESHOLD UPPER 
„ LIMIT FOR LIGHT INTENSITY 



Fig- 25" 



IMAGE ANALYSIS 
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MORPHOLOGY 
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LOWER LIMIT THRESHOLD 
AND UPPER LIMIT APPLIED 
FOR LIGHT INTENSITY 
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SIZE FILTER 1 
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SIZE FILTER2 
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RETURN 



